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lacustrine	 proxies	 in	 the	 interpretation	 of	 climate	 events	 through	 the	 Late	Holocene.	 The	
chosen	lakes	are	likey	to	have	reacted	similarly	to	large-scale	climate	trends	as	experienced	
by	the	north	of	Iceland,	given	the	proximity	of	these	bodies	of	water	to	eachother,	and	the	
decadal-scale	periodicity	 that	characterized	the	Late	Holocene	 in	 this	part	of	 the	northern	
North	Atlantic.	However,	differences	between	the	lakes’	sediment	records	may	be	linked	to	
within-lake,	 catchment	 and	 region-specific	 influences	 involving	 both	 ecological	 threshold	
behavior	and	geological	processes.	This	study	aims	to	tease	apart	these	links	in	the	hopes	of	




With	 the	 rise	 of	 man	 and	 his	 industrial	 revolution,	 huge	 quantities	 of	 insulating	
gasses—carbon	 dioxide	 chief	 among	 them—have	 been	 released	 to	 the	 tune	 of	 some	 555	
petagrams	(where	1	Pg	=	1015	g	=	1	billion	metric	tons)	of	carbon	dioxide	since	1750	(Ciais	et	



















Dugmore,	 2006;	 Jóhannsdóttir,	 2007;	 Jagan,	 2010).	 Iceland	 is	 particularly	 well-suited	 to	















	 The	 relationships	 between	 climate	 conditions	 and	 proxies	 may	 be	 far	 from	 liner,	
however.	Variability	in	processes	related	to	erosion	and	transport,	fossilization,	community	
structure,	and	lake	chemistry	may	be	reflected	in	mudded	signals	to	be	interpreted	from	the	
sediment	 record.	 Should	 this	 variation	 between	 lakes	 or	 on	 long	 timescales	 not	 be	
appropriately	addressed,	there	is	a	significant	risk	of	bias,	especially	in	single-site	studies	and	
reconstructions	 (Anderson	 et	 al.,	 2008,	 2012).	 Further,	 environmental	 thresholds	 and	
shifting	 ecotones,	 not	 to	 mention	 land	 use	 changes	 with	 human	 migration	 and	 the	 rise	
livestock	agriculture,	may	dramatically	alter	the	strength	of	paleoclimate	signals	as	recorded	
















accepted	 climate	 patterns	 (Rigler	 and	 Peters,	 1995;	 Lewis,	 1995;	 Axford	 et	 al.,	 2011).	
Rigorous	scientific	practice	requires	that	hypotheses	are	testable	in	the	context	of	observed	
data	(Popper,	1963).	Should	the	goal	of	a	paleolimnogic	study	be	to	create	a	reconstruction	













This	 study	 aims	 to	 bring	 together	 paleoclimate	 records	 for	 three	 lakes	 across	







organic	 identifier	 sources.	 Proxies	 compared	 included	 biogenic	 silica	 (BSi),	 total	 organic	
carbon	(TOC)	and	nitrogen,	δ13C	values,	carbon:	nitrogen	ratios	(C:N).	These	organic	proxies	
were	 graphed	 using	 Microsoft	 Excel	 (version	 15.27).	 Peaks	 and	 general	 trends	 were	
compared	across	proxies	to	develop	possible	interpretations.	Toward	the	goal	of	comparing	
the	 same	 types	of	 data	 and	 all	 data	were	 converted	 to	weight	percents	 or	 concentrations	
where	appropriate	(Axford	et	al.,	2011).	
	































the	 dominant	 vegetation	 type	 (Bergþórsdóttir,	 2014.)	 Freeze-thaw	 features	 are	 common	
through	 the	 landscape	 (Arnalds,	 2015).The	 area	 was	 used	 for	 agriculture	 in	 the	 mid-
nineteenth	century,	but	was	abandoned	following	an	1875	erruption	of	Askja.	Water	enters	




Haukadalsvatn	 is	 another	 medium-large	 coastal	 lake,	 much	 resembling	 Stora	
Viðarvatn	in	size	(SA	=	3.3	km2),	depth	(max	42	m),	and	distance	above	sea	level	(32	asl).The	
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(km2)	 2.4	 1.7	 3.3
	
Altitude	(m	
above	sea	level)	 151	 ca	600	 32	
Water	Depth	
(max,	m)	 48	 8	 44	
Water	Depth	(at	
core	loc.,	m)	 20.6	 7.67	 38.33	
Relevant	
































































































































































































year	 period	 of	 interest.	 These	 differences	 are	 likely	 to	 stem	 from	 in-lake,	 catchment,	 and	









sedimentary	 record	 (Figure	 3);	 values	 range	 from	 over	 65%	 in	 bulk	 sediments	 at	
approximately	300	A.D.,	to	less	than	11%	in	the	most	recent	two	centuries.	There	is	a	general	
decreasing	 trend	 through	 the	 approximately	 2000-year	 record,	 with	 several	 strong	
departures	from	that	norm	that	correspond	to	other	changes	in	related	proxies,	most	notably	
in	recent	times,	where	the	BSi	values	have	more	than	doubled	from	lows	in	the	late	eighteenth	
and	 nineteenth	 centuries.	 There	 are	 significant	 departures	 from	 the	 moving	 average	 at	
approximately	900	A.D.	and	through	the	century	following.	At	1100	A.D.,	there	are	especially	
low	abundances	of	all	proxies	that	reflect	primary	productivity	(Figures	3	and	4),	suggesting	
that	a	tephra	 layer	may	have	been	sampled.	However,	alternately,	 these	 lows	may	suggest	
that	reworked	tephra	material	was	transported	into	the	lake,	perhaps	suggesting	increased	
erosional	activity	in	the	catchment	area.	
TOC	 remains	 fairly	 consistent	 through	 the	 record,	 with	 few	 significant	 decreases	
reflected	across	multiple	proxies,	including	N%,	BSi,	and	δ13C	(Figures	5	and	6),	suggesting	
sampling	of	tephra	material.	Further	trends	are	revealed	when	TOC	is	further	elucidated	into	











through	 the	earliest	800	years	of	 the	period	 from	0	A.D.,	with	a	degree	of	 steadiness	 that	





















Iceland	 occupies	 a	 unique	 climatological	 niche:	 its	 position	 in	 the	 northern	North	
Atlantic	is	sensitive	to	both	atmospheric	and	oceanic	fronts,	and	Holocene	climate	change	is	
relatively	well-documented	 there	 through	a	 variety	of	marine	 and	 terrestrial	 proxies	 (e.g.	
Axford	et	al.,	2011;	Larson	et	al.,	2012;	Striberger	et	al.,	2012;	Alley	and	Ágústsdóttir,	2005).	
Iceland	lies	at	the	intersection	of	warm,	salty	waters	from	the	North	Atlantic	Current	and	the	
colder,	 fresher	 East	 Greenland	 Current.	 The	mixing	 currents	 serve	 to	 create	 a	 significant	
thermal	gradient	across	the	country,	which	responds	to	broad,	semi-periodic	climatic	trends.	
Throughout	the	Holocene,	the	Northern	Hemisphere	experienced	changes	in	solar	insolation,	




change.	 Iceland	warmed	quickly	 through	the	 first	half	of	 the	twentieth	century,	but	cooler	
conditions	prevailed	from	the	1960’s	until	the	1980’s.	At	the	close	of	this	period,	warming	
rapidly	resumed	in	Iceland,	with	temperatures	exceeding	those	achieved	in	the	earlier	half	of	













biogenic	 silica,	 as	 both	 varieties	 are	 liable	 to	 dissolve	 in	 BSi	 extraction	 methods,	 therby	
contributing	to	bias	in	studies	of	primary	productivity	(Brewer	et	al.,	2008).	Sampling	of	these	
tephra	 layers,	or	of	 reworked	 tephra-rich	sediments,	 can	produce	shifts	 in	organic	matter	































erosion	 and	 transport	 distort	 the	 proxy	 as	 it	 is	 used	 to	 describe	 within-lake	 primary	
productivity.	 In	 a	 comparison	 of	 42	 years	 of	 TOC	 values	 and	 mean	 winter	 windspeed	
measurements	at	a	weather	station	nearby	to	Haukadalsvatn,	there	was	found	to	be	a	strong	
correlation	between	them	(Figure	7;	Geirsdóttir	et	al.,	2009).	Following	a	breach	of	vegetation	
cover,	 the	 underlying	 andosols,	 which	 lack	 cohesion	 and	 generally	 have	 low	 density	 in	
comparison	to	other	soil	types,	are	thus	susceptable	to	aeolian	transport,	especailly	following	
a	drought	that	might	have	limited	vegetation	cover	initally	(Arnalds,	2015).	This	process	of	
desertification	 (or	 partial	 desertification)	 is	 well-reflected	 by	 increasing	 sediment	
accumulation	rates	within	 lakes,	 composed	of	both	minerogenic	and	carbon-rich	material.	



















important.	Erosion	and	transport	are	directly	 influenced	by	 local	 landscape	relief—among	
other	factors	such	as	soil	type	and	wind	speed,	as	described	earlier.	Accurate	interpretations	
of	proxy	responses	are	highly	dependent	on	the	context	of	this	landscape	filter	(Florian	et	al.,	
manuscript	 in	 preparation;	 Blenckner,	 2005;	 Fernandez	 Luque	 and	 Van	 Beek,	 2010).	
Particularly,	 slope	of	 catchment	area	greatly	affects	 in-lake	sedimentation	rates,	 given	 the	





(Viet	 et	 al.,	 2011;	 Rubensdotter	 and	 Rosqvist,	 2003).	 Of	 the	 datasets	 included	 in	 this	




Biogenic	 silica	 (BSi)	 is	 a	 proxy	 for	 diatom	 abundance	 within	 water	 columns,	 and	
therefore,	may	be	used	as	a	measure	of	primary	productivity	within	the	lake,	should	the	signal	
be	 only	 minimally	 distorted	 through	 time	 following	 sedimentation.	 Upon	 death,	 silicious	
phytoplankton	 sink	 to	 through	 the	water	 column	 to	 the	 lake	 bottom,	where	 they	may	 be	








and	uppermost	 sediment	 layers;	high	sedimentation	 rates	bury	diatom	 frustule	and	other	
silica-made	 components	 more	 quickly	 than	 low	 sedimentation	 rates,	 allowing	 greater	




relationships	 between	 sedimentation	 rate	 and	 BSi,	 as	 evaluated	 for	 both	 BSi	 datasets	 in	

















	 As	 in	any	sucessional	 context,	 the	 factors	affecting	 the	variety	of	 species	and	 their	
abundances	are	dictated	by	both	biotic	and	abiotic	interactions	between	individuals	and	their	
environment.	 For	 many	 high	 latitude	 settings,	 climate—particularly	 the	 freezing	
temperatures	 and	 limited	 hours	 of	 sunlight	 experienced	 during	 much	 of	 the	 year—is	
generally	assumed	to	be	the	most	significant	of	these	factors.	Paleoclimate	studies	rely	on	the	
consistancy	of	 these	relationships;	BSi	and	TOC	are	measures	of	primary	productivty,	and	





	 For	 example,	 diatom	 community	 structure	 in	 freshwater	 lakes	 is	 particularly	
influenced	by	silica	recycling	rates.	Should	bioavailable	forms	of	silica	be	low,	species	that	are	
physiologically	 adapted	 to	 this	 condition—likely	 those	 species	 which	 incorporate	 lesser	
amounts	of	 silica	 to	 their	 frustules—will	have	a	competitive	advantage	over	 those	diatom	
species	less	well-adapted	to	such	conditions;	moreover,	siliceous	species	other	than	diatoms	
may	gain	a	foothold	under	different	nutrient	availiblity	regimes	(Conley	et	al.,	1993).	A	variety	
of	 organisms,	 including	 freshwater	 chrysophycean	 algae	 species	 (disarticulated	 scales,	
bristles,	spines,	and	cysts),	some	plants	(phytoliths),	and	sponges	(spicules)	incorporate	silica	
into	their	bodies	and	these	may	be	preserved	as	silicious	microfossils,	therby	contributing	to	
the	 overall	 BSi	 record	 (Duff,	 Zeeb,	 and	 Smol,	 1995;	 del	 Puerto	 et	 al.,	 2013;	 Conley	 and	
Schelske,	2001).	However,	previous	paleolimnological	work	has	found	good	correspondence	
between	 diatom	 valve	 abundance	 and	 BSi	 values	 in	 Iceland	 (Glover,	 1982;	 Conley	 and	
Schelske,	2001;	Newberry	and	Schelske,	1986).	
12	
Concentrations	of	 silica,	 as	well	 as	 other	 limiting	nutrients	 including	nitrogen	 and	
phosphorus,	are	highly	variable,	especially	 for	 lakes	 lower	 in	 their	 landscapes	(i.e.	greater	





settlement	 in	 the	 sediment	 record	 at	 Stora	 Viðarvatn;	 indeed,	 the	 signal	 would	 likely	 be	
obscured	by	landscape	instability	associated	with	the	Little	Ice	Age	that	predated	human	and	
livestock	arrival	 to	 Iceland	(Geirsdóttir	et	al.,	2009).	Bergþórsdóttir	 (2014)	noted	 that	 the	
area	had	been	used	for	agricultural	purposes	in	the	recent	past.	Given	the	complicated	nature	
of	nutrient	cycles	and	storage	in	lake	sediments	as	influenced	by	lake	chemistry,	this	history	
could	 affect	 Gripdeild’s	 responsiveness	 to	 current	 climate	 conditions	 (Hupfer	 and	
Lewandowski,	2008).		
	 Stratification	as	affected	by	lake	bathymetry	also	has	significant	impact	on	nutrient	
availability,	 and	 thus,	 community	 structure.	 Deeper	 lakes	 are	 unlikely	 to	 have	 efficent	




Axford	 et	 al.,	 2008;	 Geirsdóttir	 et	 al.,	 2013).	 Further,	 surface	 areas	 and	 shape,	 as	well	 as	
irregularlity	of	shorelines	affect	within-lake	turbulence,	stratification,	and	sedimentation	and	
resuspention,	 thereby	 affecting	nutrient	 cycling	 and	 availibility	 for	 biological	 communties	
(Blenckner,	2005).	
Geirsdóttir	et	al.	(2013)	agued	that	Haukadalsvatn’s	bowl-like	shape	and	significant	
depth	 (42	m)	prevented	 significant	 colonization	by	macrophytes	given	 the	 limited	 littoral	
zone,	thereby	affecting	δ13C	values.	Each	of	the	three	sources	of	organic	carbon	to	the	lake	
discriminated	against	isotopes	of	carbon	in	such	a	way	so	as	to	have	different	δ13C:	terrestrial	
vascular	 plants	with	 approximately	 26‰,	 aquatic	 algae	with	∼30‰,	 and	 aquatic	mosses	
with	∼20‰	(Meyers	and	Lallier-Vergès,	1999).	More	negative	δ13C	values	were	interpreted	
as	 productivity	 from	within-lake	 producers,	 and	 less	 negative	 values	were	 interpreted	 as	
productivy	from	terrestrial	sources.	The	bathymetry	of	the	lake,	in	this	context,	presented	an	
abiotic	 control	 (sunlight	 availibility)	 on	 proxy	 values.	 BSi	 and	TOC,	 as	 proxies	 of	 primary	
productivity,	 tend	 to	 repond	 similarly	 to	 environmental	 change,	 and	 diatom-fixed	 carbon	
makes	 up	 a	 significant	 portion	 of	 aquatic	 carbon,	 as	 may	 be	 reflected	 in	 δ13C	 values	
(Geirsdóttir	et	al.,	2009)	
	
Long-term	 ecology	 studies	 in	 Lake	 Mývatn	 have	 shown	 that	 biotic	 interactions	
between	 trophic	 levels,	 among	 other	 influences,	 including	 fluctuations	 in	 groundwater	
flushing	 and	 sedimentation	 as	 affeted	water	 depth,	 have	 influenced	 community	 structure	
significantly	 over	 the	 studied	 time	 scale	 (Einarsson	 et	 al.	 2002).	 A	 particular	 chirominid	
species,	 T.	 gracilentus,	 was	 identified	 as	 a	 likely	 keystone	 species	 within	 the	 system	
(Hauptfleisch,	 2012).	 Einarsson	 et	 al.	 (2002)	 noted	 a	 lack	 of	 correlation	 between	 climate	
factors	and	population	dynamics	of	macroinvertebrates	through	the	study,	which,	according	
to	top-down	population	theories,	would	affect	populations	lower	on	the	trophic	cascade	as	




2012).	 However,	 with	 many	 studies	 now	 resolving	 proxy	 data	 on	 decadal	 scales,	 these	


























according	 to	water	 and	 land-use	 practices,	 as	well	 as	 according	 to	 policy	 that	 attempts	 a	
response	 to	 environmental	 damage,	 providing	 further	 opportunities	 for	 study.	 In	 the	
selection	 of	 lakes	 and	 proxies	 for	 study,	 regional	 and	 individual	 lake	 and	 catchment	
characteristics	must	be	accounted	for	and	predicted	in	quantitative,	Popperian-like	fashion,	
with	testable	hypotheses	describing	limnological	processes,	rather	than	qualitative,	ad	hoc	



























































Histosols	 Mójörð	 >20%	C	 0.2	 -	 -	 -	 -	 -	 -	 0.15-0.4	
Histic	
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